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Abstract
Background: Toxoplasmosis is an important zoonotic parasitic disease worldwide. In immune competent
individuals, Toxoplasma gondii preferentially infects tissues of central nervous systems, which might be an adding
factor of certain psychiatric disorders. Congenital transmission of T. gondii during pregnancy has been regarded as
a risk factor for the health of newborn infants. While in immune-compromised individuals, the parasite can cause
life-threatening infections. This study aims to investigate the prevalence of T. gondii infection among clinically
healthy individuals and patients with psychiatric disorders in China and to identify the potential risk factors related
to the vulnerability of infection in the population.
Methods: Serum samples from 2634 healthy individuals and 547 patients with certain psychiatric disorders in
Changchun and Daqing in the northeast, and in Shanghai in the south of China were examined respectively for
the levels of anti-T. gondii IgG by indirect ELISA and a direct agglutination assay. Prevalence of T. gondii infection in
the Chinese population in respect of gender, age, residence and health status was systematically analyzed.
Results: The overall anti-T. gondii IgG prevalence in the study population was 12.3%. In the clinically healthy
population 12.5% was sero-positive and in the group with psychiatric disorders 11.3% of these patients were
positive with anti-T. gondii IgG. A significant difference (P = 0.004) was found between male and female in the
healthy population, the seroprevalence was 10.5% in men versus 14.3% in women. Furthermore, the difference of
T. gondii infection rate between male and female in the 20-19 year’s group was more obvious, with 6.4% in male
population and 14.6% in female population.
Conclusion: A significant higher prevalence of T. gondii infection was observed in female in the clinically healthy
population. No correlation was found between T. gondii infection and psychiatric disorders in this study. Results
suggest that women are more exposed to T. gondii infection than men in China. The data argue for deeper
investigations for the potential risk factors that threat the female populations.
Background
T. gondii is an intracellular parasite that can infect
almost all mammals and the importance of this parasite
in food safety, human health and animal husbandry has
been well recognized. Although the parasites remain
dormant in people with normal immune competence,
they do pose threats to individuals who are immuno-
compromized. Examples could be patients with AIDS or
organ transplantation [1-3]. It has been estimated that
up to one third of the world’s population has been
infected by T. gondii with endemicity from around 10%
to 70% [2,4,5]. Further more, up to 14.8% of AIDS
patients in Southeast Asia region were reported with
toxoplasmosis in the central nervous systems [6]. Both
primary and re-infection during pregnancy are high risk
factors especially to the foetus [7,8]. Thus surveillance
of T. gondii infection and the distribution of the oocysts
in the living environments have been regarded as an
important measure to prevent the disease.
Due to the fact that T. gondii mainly infects cells in
the brain of immune competent individuals, it has been
postulated that certain psychiatric disorders might be a
link to the concurrent infection [9-11]. In several stu-
dies, patients with schizophrenia were found to have a
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any medium, provided the original work is properly cited.higher tendency of T. gondii infection [12-14], but there
has been no conclusive correlation between T. gondii
infection and psychiatric disease [15].
In this study, we investigated the prevalence of anti-T.
gondii IgG in the sera of more than 3000 Chinese indivi-
duals living in the southern and northern regions of
China, among which, a panel of 547 serum samples
were collected from patients with certain psychiatric dis-
orders. It was found that the general infection rate of T.
gondii in the studied population was higher than
recorded by the Chinese Ministry of Health, and impor-
tantly, results suggest that women have a higher risk of
being infected by T. gondii than men in China. The data
argues for more attention for prevention of T. gondii
infection in the female population and in particular
pregnant women.
Methods
Study populations and Serum samples
2634 serum samples from clinically healthy individuals
were collected in Changchun, Daqing and Shanghai
areas (with a population of more than 100 million) from
July 2006 to June 2008 (Table 1). 547 serum samples
were collected from patients with psychiatric disorders
(including Schizophrenia, mania, depression and severe
stress) in Changchun regions (Table 1). The age of the
studied population spanned from 15 to 65 yeas of age.
The study was carried out with permission from the
Ethical Committee of Institute of Zoonosis, Jilin Univer-
sity, China (Ref number 20070106). The sera were col-
lected with agreement from the volunteers or patients.
Written consensus was obtained from parents of all par-
ticipating teenagers.
Antigen
T. gondii tachyzoites (RH strain) were routinely main-
tained by cultivation in BHK (baby hamster kidney) cell
lines as described earlier [16]. Briefly parasites from
freshly lysed host cells were harvested, washed in PBS
and disseminated by sonication. The cell debris was
eliminated by centrifugation and the soluble antigens
were collected and diluted to a final concentration of 1
mg/ml in PBS for the serological test.
Serological assay
The Toxoplasma-specific IgG antibodies in 3181 serum
samples were tested by Indirect Enzyme Linked Immu-
nosorbant Assay (ELISA) [17] and the results were
further verified by direct agglutination test with the
Toxo-Screen DA (BioMerieux, France) kit. Briefly, Maxi-
sor micro-ELISA plates (Nalge Nunc International, IL,
USA) were coated with 50 μlp e rw e l lo ft h eT. gondii
antigen (5 μg / m l )a t4 ° Co v e r n i g h t .1 0 0μl of each
s e r u ms a m p l ed i l u t e da t1 : 5 0w a sa d d e dt ot h ew e l l si n
triplicates. Alkaline phosphatase-labeled goat anti-
human IgG (Sigma, St. Louis, MO, 1:2000 dilution) and
NPP [4-Nitrophenyl phosphate disodium salt hexahy-
drate] (Sigma, St. Louis, MO) were used to detect the
antigen-antibody reaction. The plates were finally read
in a Biotek 93 micro-ELISA auto reader 808 at 405 nm.
Negative control wells with a negative serum verified by
direct agglutination test were included in every plate.
The cut-off point of OD values of a positive sample was
set to be at least two times higher than that of the nega-
tive samples at any dilution point. Finally all sera with
positive reactivity in ELISA were further tested with the
commercial agglutination kit (Toxo-Screen DA, BioMér-
ieux, France), according to the protocol provided by the
manufacturer.
Statistical Analysis
Results were analyzed with SPSS 15.0 software package.
Chi square test was used to analyze the anti-T. gondii
IgG seroprevalence in respect of gender, age, residence
and psychiatric disorders of the populations. The differ-
ences were considered to be statistically significant
when the P value was less than 0.05. Logistic regression
analysis was used to assess the association with gender,
age, residence and psychiatric disorders of the subjects
and T. gondii i n f e c t i o ni np o p u l a t i o n s .A d j u s t e do d d s
ratio (OR) and 95% confidence interval (CI) were calcu-
lated by multivariate analysis using logistic regression.
Results
The overall prevalence of anti-T. gondii IgG in the stu-
died population was 12.3%. In the clinically healthy
group the prevalence was 12.5% meanwhile 11.3% in the
group containing psychiatric patients (Table 1 and 2).
Table 1 Number of serum samples from study regions, gender distribution and seroprevalence.
Clinically healthy persons
(nr of positive sera)
P-value Psychiatric patients
(nr of positive sera)
P-value
Region (Sample nr) Female Male Female Male
Changchun (1530) 536 (75) 447 (47) 0.1 319 (31) 228 (31)
Daqing (758) 485 (64) 273 (23) 0.048 - -
Shanghai (893) 294 (49) 599 (70) 0.04 - -
Seroprevalence (%) 14 10.7 0.004 9.7 13.6 0.429
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tric disorders was found. A significant observation was
the difference in seroprevalence between male and
female groups where 10.5% of the males and 14.3% of
the females were T. gondii positive (P = 0.004) (Table
1). The general seroprevalence of individuals living in
Changchun, Daqing and Shanghai regions were 12.4%,
11.5%, and 13.3% respectively. Significant differences in
prevalence between male and female were found in the
populations of Daqing in the north and Shanghai in the
south, where the prevalences were 8.4% versus 13.2% (P
= 0.048) and 11.78% versus 16.7% (P = 0.04) respec-
tively. The prevalence in Changchun was 10.5% and
14.0% respectively in men and women (P = 0.1).
Sera which had anti-T. gondii antibodies were divided
into 5 groups based on the age (<20, 20-29, 30-39, 40-49
and >50 years) of the individuals. The seroprevalence of
the five age groups were 11.2%, 11.8%, 12.6%, 13.6% and
12% respectively in the clinically healthy population. The
seroprevalence in the corresponding age groups of the
psychiatric patients were 9.1%, 12.8%, 7%, 13.1% and
12.9% respectively. The difference in infection rate
among the sample groups was not statistically significant.
However, when comparing the seroprevalence adjusted
by age, the infection rates in women and men of the 20-
30 years old group were 14.6% and 6.4% respectively. The
difference was significant (P = 0.006). The prevalence of
T. gondii infection in individuals living in urban and rural
areas in the northern parts of China (including Chang-
chun and Daqing) were 13.1% and 9.7%.
The optical density at 405 nm (OD 405), indicated the
amount of specific IgG antibodies in the sera, was also
measured in the different samples. No significant differ-
ences were observed considering the mean values of all
studied groups (Figure 1).
In the logistic regression analysis, ten variables
(including age, living location, profession, physical
condition and so on) were investigated for potential fac-
tors associated with T. gondii infection. The results
revealed that the only factor associated with T. gondii
infection was gender (OR = 0.712; 95% CI: 0.564-0.899).
The rest of the factors did not show any association
with T. gondii infection.
All positive and some negative samples investigated
were verified by agglutination test using the commer-
cially available Toxo-Screen DA kit (BioMérieux,
France) as controls. No disagreement between ELISA
and DA method was observed (data not shown).
Discussion
Seroprevalence of T. gondii infection in humans and
animals including chickens has been used as an indica-
tor of the endemicity of the parasite [18-21]. The epide-
miology of toxoplasmosis in many countries has been
investigated, but the prevalence of T. gondii in the Chi-
nese population has not been clear. During the two
national-wide surveys carried out in 1995 and 2004 [22],
Table 2 Number of psychiatric patients and
seroprevalence.
Disorders Patient number Number of patients
with T. gondii IgG
and prevalence (%)
Schizophrenia 291 26 (8.9)
Mania 49 5 (10.2)
Depressive episode 29 4 (13.8)
Dissociative disorder 28 3 (10.7)
Severe stress and
adjustment disorders
15 3 (20)
Obsessive-compulsive
disorder
12 3 (25)
Other unspecified
mental disorders
123 18 (14.6)
Total 547 62 (11.3)
Figure 1 Reactivities of antibodies to T. gondii antigen in the
sera of different age groups. The sera from clinically healthy
group (blue) and psychiatric patients (green) were divided based on
the age of each individual and the OD values from all samples in
each group with specific reactivity were presented. Bars stand for
50% OD values of each group, lines below and above each bar
stand for 25% OD values. The black lines in the bars stand for the
median OD value. Samples with much higher or extreme OD values
excluded in the statistical analysis are indicated with circles and
asterisks.
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population was reported to be around 7%. But the num-
ber of samples enrolled in the two surveys was limited.
In the current study, we investigated more than 3000
individuals living both in the south and the north of the
country. Furthermore, the number of serum samples
analyzed from male and female individuals was similar
(Table 1). We also investigated the sera prevalence of T.
gondii-specific IgG in more than 500 patients with psy-
chiatric disorders, with the aim of finding a possible cor-
relation between T. gondii infection and certain
psychiatric symptoms as reported by others [8-15]. The
overall infection rate of T. gondii in the studied popula-
tion in China was 12.3%, which was generally lower
than that in other countries [1,2]. Earlier studies suggest
that the infection rate of free-range chickens in the
northeast part of China were 34.5% [23]. Furthermore, it
has recently been reported that cat infection rate of T.
gondii in China is as high as 79.4% [24]. The low preva-
lence in humans found here could be due to the fact
that the habit of consuming raw or undercooked meat
and having pet animals still not very popular in China.
No significant difference in infection rate between indi-
viduals living in urban and rural areas in the North part
of China was found, which indicated that T. gondii
infection is independent of living places. Thus consum-
ing well-cooked meat and proper handling and disposal
of faecal material from pet cats are important measures
of disease prevention.
The finding that seroprevalance of anti-T. gondii IgG
in the females is higher than in the males in the Chinese
population is significantly important to the public
health. The data indicates that females are at higher risk
of contraction T. gondii i n f e c t i o ni nC h i n a .T h i si s
undoubtedly due to many factors. First, women tradi-
tionally take more care of pet animals including cats at
home, and secondly, women handle raw meat more fre-
quently than men due to the fact that they spend more
time cooking at home. In a recent study with sera from
p r e g n a n tw o m e nl i v i n gi nn o r t h e a s t e r nC h i n a ,i tw a s
indeed found that taking care of pet animals and con-
suming raw meat were two main risk factors related to
T. gondii infections [5]. The reason that individuals
under the age of 20 showed similar infection rate to
others could be due to the fact that they tend to play
more with animals or due to other unidentified factors.
Though it is rare that parasites are reactivated during
gestation, infection during pregnancy does pose threat
to the life of fetuses and newborns. Thus knowledge of
disease prevention is more important in public health
programs, especially to the female groups.
In immune competent individuals, T. gondii infects a
variety of cells of the central nervous tissues, thus the
correlation between T. gondii infections and certain psy-
chiatric symptoms, especially Schizophrenia, has drawn
attention in recent years [10-14]. It has been speculated
that parasite components released from the infected
brain cells might has effect on surrounding cells and
hence impact the mode or behavior of the host [11].
Several studies including a literature surveys supported
the conclusion that T. gondii infection is modestly asso-
ciated with Schizophrenia syndrome [15]. However, no
correlation between T. gondii infection and Schizophre-
nia was found in this study (n = 291, Table 2). Interest-
ingly, the infection rate in the study group was only
8.9% which was lower than the average rate in the
whole population. The patient groups with severe dis-
tress and adjustment disorders and Obsessive-compul-
sive disorder had serum positivity of 20% and 25%
respectively. However, the figures are not conclusive due
to the lower number of patients in the two groups.
Unlike previous report, no correlation between T. gondii
infection and psychiatric disorders were found in this
study. This could be due to the genetic background of
the Chinese population or the general low infection rate.
Conclusions
The study has shown that the general infection rate of
T. gondii in the Chinese population was 12.3%. Women
have a significantly higher risk of being infected by T.
gondii than men, possibly due to more exposure to the
infective sources. No correlation between T. gondii
infection and psychiatric disorders was observed.
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